ERE is a practical, low-cost way 

to build your own electronic 
music system. The “‘Music Modules” 
presented here are a series of 
snap-together blocks that let you 
build any instrument you want, of any 
desired complexity, using virtually any 
system architecture you can dream 
up. Like traditional organ circuits, the 
system can be equally tempered and 
fully polyphonic, and it generates up 
to 97 notes simultaneously with ex- 
treme, permanently tuned stability. 

As with some. synthesizers, the 
Music Modules give you a wide range 
of control over the attack, sustain, 
fallback, decay, snubbing, bite, and 
echo of a note. As an option, you can 
have complete control over glides, 
slide, and portamento effects in either 
single or multiple voices. The system 
is economical enough to permit you to 
make simpler things like pitch refer- 
ences, calliopes, computer music in- 
terfaces, Composers, and sideman 
rhythm mates. 

The basic system is composed of 
three modules: a top-octave generator 
and translator, asawtooth divider, and 
a dual hex vca (voltage-controlled 
amplifier). You can combine as many 
of these modules as you want with a 
power supply and professional 
keyboard to form the heart of any in- 
strument. What we have here, in ef- 
fect, is the usually difficult-to-build 
and expensive repetitive circuit that is 
the core of any quality polyphonic sys- 
tem reduced to a few simple CMOS 
circuit blocks. 


Some Basics. The top-octave 
generator schematic diagram is 
shown in Fig. 1. It starts with a 2.000- 
240-MHz crystal for single, fixed tun- 
ing. If you want to tune another in- 
strument, do glides or vibrato, or add 
noise or other frequency-modulation 
effects, you can break the oscillator’s 
Output circuit and add a variable mas- 
ter pitch reference. A seven-stage bi- 
nary divider follows the oscillator to 
reduce the octaves down the scale. 
Four possible frequencies are 
selected from the divider by an elec- 
tronic switch. These are the crystal 
frequency and one-half, one-quarter, 
and one-eighth of the crystal's fre- 
quency. The selected frequency goes 
to a special IC that automatically de- 
velops all the notes of the top octave 
With the electronic selector switch, 
you can choose the top octave, which 
means you Can use a short keyboard 
and only afewvca modules and still be 
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Low-cost, easily assembled units 
can be used for a number of 
different instruments. 
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Fig. 1. Schematic diagram 
of the top-octave generator, 


PARTS LIST 


Top-Octave Generator & Translator 

Cl. C3—27-pF mica or polystyrene cap- 
acitor 

C2—0. I-yF. SO-volt Mylar capacitor 

IC I—CD4001 CMOS quad NOR gate IC 
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IC2—CD4024 7-stage CMOS binary divi- 
der IC 

IC}—CD4016 quad CMOS switch IC 

IC4—M KS024P-AA integrated circuit 

RI through R4—100,000-ohm, Ya-watt re- 
sistor 

R5—10-megohm. 4-watt resistor 


R6—10.000-ohm, “4-watt resistor 

SO? through SO3— 10-contact Molex No. 
09-52-3153 connector 

XTAL—2.000240-MHz _ parallel-resonant 
crystal (30-pF lead). 

Mise.—Printed circuit board, hookup wire: 
solder: etc. 
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able to generate all the notes you 
need. 

The pitch generator divides the 
2-MHz reference 13 different ways to 
generate the 13 notes of top octave C7 
through C8 (2093.01 to 4186.02 Hz). 
These note divisions approximate the 
equally tempered music scale with an 
accuracy better than can be deter- 
mined by the best musician. Thirteen 
different references, each one of 
which corresponds to a different note, 
are produced simultaneously: C7, 
C#7, D7, D#7, E7, F7, F#7, G7, G#7, 
A7, A#7, B7, and, in the next octave 
up, C8. (For more information on mu- 
sical pitch, see “Electronic Music 
Pitch Standards," POPULAR ELEC- 
TRONICS, January 1974.) 

There are at least two ways to use 
the top-octave system. In traditional 
Organ architecture, you provide 12 
Outputs simultaneously and route 
them to divider modules so that you 
have all the notes you need all the 
time. You can also use the translator 
and an external 1-of-12 selector to 
generate any single note under digital 


command. This is ideal for computer 
control, pitch references, and many 
synthesizer applications. Only an 
on/off keyboard without precision re- 
sistors is needed, and the normally 
troublesome exponential or logarith- 
mic conversion circuitry is built into 
this module, which is essentially 
“free’’ and temperature, time, and 
voltage stable. All you do is provide a 
number or digital word to get the note 
out. 

The divider module takes three of 
the notes of the top octave and gener- 
ates all equivalent lower-octave notes 
down to zero (Fig. 2). For instance, 
suppose one input of one divider 
module is fed note A7. The outputs of 
the module will be eight notes (A7 
down to AO), each one octave or 2:1 
frequency lower in pitch. Each octave 
Output is a Square wave, which can be 
used directly for economy or where 
you want to imitate ‘“‘woody"’ tones 
(clarinet or stopped organ pipe). The 
module also contains some resistor 
networks that convert the square 
waves into sawtooth outputs. More 
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precisely, it converts them into a 
stepped approximation of asawtooth, 
but the two are identical once you start 
to filter them. A sawtooth or its 
stepped approximation contains near- 
ly all harmonics, compared to a square 
wave that has only odd harmonics. 
You can also filter the outputs of this 
module to recover sine or near-sine 
waves for flute-like tones. 

One top-octave generator and four 
divider modules are needed to gener- 
ate all 97 notes either as square or 
sawtooth waves. 

The dual hex vca module provides a 
means of turning On and off 12 notes 
combined as two groups of six notes 
each (Fig. 3). There are several ways 
you Can use this module. Connect the 
decay bus to —15V, and you obtain 
simple on/off control of each note 
without key clicks or other undesir- 
able effects. Grounding a keying input 
produces a note, while leaving it float- 
ing stops the note. Connect the decay 
bus to +15V, and you get a sharp at- 
tack, gradual decay, or long sustain 
keying characteristic. If you connect 
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controiled-width pulses, you gain 
complete control of attack, fallback, 
sustain, and decay of all notes simul- 
taneously, independently and expo- 
nentially, with very little added com- 
plexity. A storage capacitor on each 1 
keying input averages out these con- 
trol pulses and provides a wide range 
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PARTS LIST Fe eee ee Pee ee eee ee er Teer ee 
tee Ue EL PREP PEEP Peet Pee ee see eee 
Triple Divider Module 
C1l—0.1-pF, 20-volt dise capacitor 
IC 1 through IC3—CD4024 7-stage CMOS 
binary divider IC 
The following resistors are Y-watt, 10%: 
RI through R&. R35 through R42, R6éY 
through R76—-220 ohms 
R9 through R16, R43 through R50. R77 
through R&4— 100,000 ohms ae a 
R17 through R23, RA! through R457, R&S : L : 
through RYI—200.000 ohms 
R24 through R29, R58 through R63, Ry2 Ic2 AND 
RESISTORS 


through RY7—390,.000 ohms 


R30 through R34, R64 through R6X. RY8 
through R 102—750,Q00 ohms 

SOL through SO3—10-contact Molex No. 
09-52-3153 connector 


Misc.—Printed circuit board: hookup wire: 123.45 6 7 8 9 10 UI 12 13 14 15 16 I7 18 19 20 21 22 23.24 25 26 27 28 29 30 | S0I-S03 


solder: etc. 
GND} NC 
Fig. 2. The divider module +isv. xt Ee xs bexs Exe bev Eva tvs to yv7io zit z3atzst 274 2 x 
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takes three of the notes POWER eae en ee ely eens oy ee 
of the top octave and generates NONE One Pace INPUTS 


equivalent lower-oetave notes. ee ae OCTAVE 
NOTE OUTPUTS GEN. 


: , GND=ON 
Fig. 3. The dual hex cvoa module —15V=OFF +15V 
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PARTS LIST Ae as 
DI-DI2 C3-C14 
Dual Hex VCA ne 


C 1—S00-HF. 3-volt electrolytic capacitor 1 1 
(14mm maximum height) HF | 


C2—0. |-pF. 25-volt Mylar capacitor 


C3 through Cl4—-yF, 35-volt: high- | — -H4 - BSI BRE 
quality electrolytic capacitor with axial —= | ey ce 
leads I I SCALING = 


Scnmeoe are eae URNS fre Em ores, oureure ane suonren 
IC! through IC 12—CA 3080 transconduc- CIRCUITS 2-12 SAME AS ABOVE (A) |t-6 
tance amplifier IC (RCA)* 
The following resistors are Y-watt, 1: [FF eae lg (B) |eno 
RI, R2—22,000 ohms 
R3—220,000 ohms t+ si: HSE (C) Jeno 
RS through R16—10,000 ohms e 
R17 through R28-—3300 ohms SRL SASAe ein aeieicaniein ene 
4 De) . 
Ro mwah ee Aor, [rests res e[reinienw mniaenmanmaay us 
R4A—1000-ohm flat-mounting pe poten” 233R5*X=¥RSLLLERVLRLKELLLZLSSRSseETss 
tiometer op TS = 
SOI] through SO3—10-contact Molex No. = TONE AND ATTACK INPUTS 
09-52-3153 connector OK AATTACK FROM REVBOARO 
SO4—4-contact: Molex No. 09-52-3042 G  X=SAWTOOTH FROM DIVIDERS 
connector 
Mise.—Printed circuit board: hookup wire: 
solder: ete. Note—The following items are available 
a from Southwest Technical Products complete dual hex vea kit, No. TX-1, for 
“There are several different: packages Corp.. 219 West Rhapsody. San An- $21.50: No. TP-| regulated power supply 
available for the CA3080, which fits the tonio. TX 78216: No. TOb printed circuit kit for $17.50, A fully assembled 37-note 
TO-S pin circle shown in the foil pattern. board for top octave generator for $5.50; professional keyboard designed to AGO 
The CA3080S and CAOR0E fit &-pin dual complete top-octave generator kit, No. standards, No. AGO-37, is available for 
inline minidip patterns. Be sure your pc TO-! for $17.25: No. TDb pe board for $65.00 (includes $5.00 for handling) from 
layoutand [C's are compatible. All three triple divider for $5.75: complete triple PAIA Electronics, P.O. Box 14395, Ok- 
package styles remain available from divider kit, No. TD-1. for $10.50: No. lahoma City, OK 73114. Allow four 
RCA. TXb dual hex vea pe board for $4.75; weeks for delivery. 
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There are 12 1C’s in the vca module. 
Each controls the gain of a single 
note. The outputs are normally wired 
so that six share acommon load resis- 
tor. However, you Can easily break out 
one or more individual vca’s for such 
things as loudness control, quadra- 
sonic fading, or position modulation, 
or to introduce tremolo or noise 
amplitude modulation. 

You can use aS many vca modules 
as you want in your system, adding 
one for each independent, polyphonic 
octave. Since keyboards are one of the 
major expenses in any electronic 
music system, it pays to keep the 
keyboard as short as reasonably pos- 
sible. This also cuts down on the 
number of vca modules you'll need. 
Remember that you can still get all the 
notes you want by using the translator 
switches on the top octave module. 

A 72-note polyphonic system, using 
a 36-note (three octave) keyboard, the 
top-octave module, four sawtooth di- 
viders, and three vca modules, is 
shown in Fig. 4. A four-position switch 
selects which three octaves are to be 
played at any time. Note that this is 
only one possible polyphonic ar- 
rangement. You can add or eliminate 
as many parts as you want. In addition, 
there are all sorts of simpler 
monophonic variations. A top-octave 
module and part of a vca module can 
give you the heart of asynthesizer ora 
computer-controlled instrument. 


Construction and Checkout. In 
the top-octave generator, /C7 is the 
crystal oscillator and buffer. It is fol- 
lowed by the binary divider in /C2, 
selector in /C3, and top-octave 
synthesizer/C4.This circuit should be 
built on a double-sided pc board, 
using one side of the board for the foil 
conductors as in Fig. 5A and the other 
side for a grounding shield as in Fig. 
5B. Component layout and orientation 
are as shown in Fig. 5C. 

Once it is assembled, you can test 
the top-octave module by connecting 
to it a 15-volt power supply and jump- 
ering pad 8 to pad 9 and pad 2 to pad 
11 (foil contacts that mate with the 
edge connector). Note that only pads 1 
and 30 are labelled in Fig. 5C. Then 
check for the top octave note outputs 
at pads 16 through 28 using an oscil- 
loscope or audio amplifier. Bear in 
mind that the outputs consist of 15- 
volt amplitude rectangular pulses that 
must be capacitively coupled and 
strongly attenuated before feeding 
them into an audio amplifier. 
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-~ JUMPER - OPEN FOR EXT. VIBRATO, 
GLIDE, TUNING 


DIVIDER 
MODULES 


Fig. 4. This 72-note, 


If you are using the internal oscil- 
lator, pads 8 and 9 must be jumpered. 
For external signals, break the jumper 
and route a 15-volt CMOS-compatible 
signal to pad 9. Note also that one and 
only one of the transpose commands 
must be at +15 volts at all times; the 
other three must be floating or 
grounded. 

The foil-conductor etching and drill- 
ing. ground-plane, and components- 
placement guides for the divider 
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module are shown in Fig. 6. Note that 
the resistors on this module mount 
upright. 

You can test the divider module by 
connecting to ita 15-volt power supply 
and applying three notes from the 
top-octave generator. The output saw- 
tooth waves should be approximately 
70 mV in amplitude (check with a 
calibrated scope), and each of the 
three sections of the module should 
produce eight octave-related notes. 
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Photo shows detads at upright component mounting 
on ved module aud bus connections. 


Wwww.americanradiohistorv.com 


POPULAR ELECTRONICS 


VOICING 
FILTERS 


GAIN TREMOLO 


wa 
tg 
os 
J 
< 
pe 
wo 


5 
oO 
a 
oF 
A 
al 
_ 
<1 
t= 4 
é 
ra 
zz 
-l 


TOP OCTA 


Pig. 5. Etching 

and drilling quide 

CA) for top-octave 
generator is at left, 
ground plane guide (B) 
right, component 
layout (C) below, 


TOP OCTAVE GENERATOR 
AND TRANSLATOR 
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The highest note will be a square 
wave, followed by four-level and 
eight-level notes. Lower-frequency 
outputs will contain 16 levels. If one 
note sounds excessively loud or looks 
wrong Ona scope, check your resistor 
matrix carefully for a missed solder 
connection or an interchanged value. 

The etching and drilling and 
component-placement guides for the 
vca module are shown in Fig. 7. Note 
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that 07 through 072 mount with the 
cathode (banded) end up and the 
cathodes to a length of bare wire that 
terminates in the decay hole. Next, 073 
through D36 (cathodes up) and R5 
through R26 mount upright, their free 
ends connected together in groups of 
four, with 073, 025, R5, and R17 mak- 
ing up the first and D024, 036, R76, and 
R28 the last group. Then mount C3 
through C74 with their negative (—) 


leads up and connected to a length of 
bare wire that terminates in the ~15V 
hole. Finally, mount R29 through R40 


in the usual manner, without bus- 
joining the upright leads. 

The best way to test the vca module 
is One stage ata time. Do this by leav- 
ing the IC pin 6 jumpers disconnected 
from the output buses. except for the 
jumper in the stage being tested. Start 
by connecting the dual-polarity +15/ 
—15-volt power supply to the module 
via pads 1, 2 and 3 at the edge connec- 
tor. Route a single note from the di- 
vider to the X1 input and monitor the 
output with an oscilloscope or audio 
amplifier. Connect the decay input to 
—15 volts. Now, grounding K1 should 
turn on the note and floating or con- 
necting K1 to — 15 volts should turn off 
the note. The note should turn on and 
off rather abruptly without key clicks, 
distortion, or transients. Offset poten- 
tiometer R4 should be adjusted to 
eliminate any dc in the output or set 
for the best sounding note. Then, 
check K2 and X2, K3 and X3, and so on 
down the line, finishing up with K12 
and X12. 
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impedance (current-sourcing and 
-sinking) output, unlike the other op 
amps. This permits you to short as 
many outputs as you wish to a com- 
mon load resistor to automatically 
sum all the outputs. The amount of 
maximum output signal is set by load 
resistors R7 and R2. If you use both 
halves of the vca module, R2 can be 
omitted. 
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Fig. 6. Etching 
and drilling guide 
(A) for triple 
divider is at left, 
ground plane 
guide (B) right, 
aud component 
layout (C) below. 
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An open circuit at any X input dis- 
rupts the summing process, so be sure 
that all connected IC's are in fact re- 
ceiving tones from the divider mod- 
ules. Connecting the decay input to 
ground should give you a fast-attack, 
long-decay characteristic. If any 
single note sounds odd or responds 
differently from the rest, check the 
resistor/diode/capacitor matrix for 
shorts, incorrect values, or unsol- 
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dered connections. All diode bands 
(cathodes) go up as do the negative 
sides of the electrolytic capacitors. 


System Interconnections. No mat- 
ter what arrangement you choose for 
your instrument, there are some im- 
portant system-level things you'll have 
to watch for. First, be sure to use a 
well-regulated power supply. While 
CMOS devices will operate on a wide 
range of low voltages, the +15-V sup- 
ply contributes directly to the 
stairsteps of the note. Humor noise or 
interaction on the supply spells prob- 
lems. 

Be sure to use twisted-pair wiring or 
shielded cable between the _ top- 
octave outputs and the dividers to 
minimize any radiation of these high- 
level signals. You can put your mod- 
ules on 20-mm centers, but be sure to 
skip one slot between the last divider 
and first vca modules, and place a 
fairly thick grounded sheet of steel be- 
tween the two. Proper shielding and 
lead routing can mean the difference 
between a solid 85-dB or higher 
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Fig. 8. Add one or more of the circuits below to 
basic system to build uw complete music synthesizer. 


crosstalk and playthrough fevel and 
an intolerable 60-dB tevel. 

Shields are also required on the vca 
module's outputs because of the fairly INPUTS FROM 


c : VCA MODULES (OP TIONAL) 
high impedances involved. Outputs OGAIN CONTROL, TREMOLO 


are located on the top of the vca mod- SS TAK OAS WHORE 
ule to keep them well away from the (A) 
tone-generator signals. The same care 
you give to the high-level tone signals in 
should also be given to the attack and aes 
decay control pulses. 

Some add-on circuits that will get SEH 
you Started on your system are shown 
in Fig. 8. In A, a CA3080 is used as a 
combiner and master gain control. cl 
The outputs of as many vca modules 
as you want can be shorted together 
and routed to this stage, but be sure to 
use shielded cable. ResistorR? canbe 
adjusted to maintain the maximum 
input signal level to 100 mV peak-to- 
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ATTACK PULSES 
TO KEYBOARD 


peak with several notes being played eer 

simultaneously. A variable voltage | 

ranging from + 15 volts (for maximum ; 30 
a Wo 


gain) to —15 volts (for off) will control 
the loudness of everything in the sys- 
tem. You can also sum a low- 
frequency Sine wave or noise spec- 
trum for tremolo, wind noise, or other 
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DECAY PULSES 
TO 
VCA MODULES 


Photo of divider board 
shows «ll resistors 
mounted upright and 
bus-coauected 

to socket pads. 
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amplitude-modulated effects. Ca- 
pacitors C1 and C2 are optional. In- 
Stalling theminthe circuit yields a mel- 
low sound: eliminating them permits 
the use of fancy voicing filters in the 
Output. 

A horn filter is shown in Fig. 8B. To 
change the center frequency, change 
the values of C7? and C2. but keep both 
Capacitor values identical. To change 
the Q, change the values of the resis- 
tors. keeping R2 and A3 at 4Q° times 
the value of A7. Note that A7 must in- 
clude the source impedance of the 
Circuit or Circuits from which you are 
tapping the signal. 

You Can simultaneously control the 
attack and decay of all notes with the 
pulse-width system shown in Fig. 8C. 
To do this, you rapidly switch the 10k 
attack and 3.3k decay resistors in and 
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Out of the vca channel. (A 10k resistor 
in the circuit at all times has an effec- 
tive value of 10,000 ohms. If it is in the 
Circuit Only 10% of the time, its effec- 
tive value is 100,000 ohms.) 

The circuit employs a single CMOS 
hex inverter and a pair of drive transis- 
tors. The attack portion is a variable- 
duty-cycle oscillator that operates at 
400 Hz. The length of time that the 
attack remains grounded determines 
the attack time as a ratio of the total 
time. If you end up with too much in- 
teraction between frequency and duty 
cycle, ahigh-value resistor across one 
of the diodes should fix things. The 
frequency should remain nearly the 
same as you change the duty cycle. 

The leading edge of the attack 
waveform Can be shortened by operat- 
ing DECAY potentiometer R4 and 
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Aun efficent, easy to operate meter 

All at an affordable price 

That's the DVM38 . . _ The complete 
DVM that sets new performance stan- 
dards in 4 key areas. 

A NEW ACCURACY STANDARD 
The 3% digit, .1% accuracy is backed by 
a 15 meg © input impedance, compared 
to 10 meg Q input of conventional 
DVM’‘s, which guarantees up to 50% 
(eater accuracy with 1/3 less circuit 
loading on every measurement for high 
accuracy you can trust. 

A STANDARD IN CAPABILITIES 
The DVM38 is more accurate in MORE 
Circuits with these versatile ranges: 
1004V to 2000V OC, 1KV AC; 012 
to 20 megQ; O.At0 2A... Plus 


A WEW STANDARD IM SPEED 
AND EASE OF OPERATION 
Large pushbuttans and callouts — no 
need to hunt and peck. Large 4” 
L.€.D.'s with direct readout, down to 
V and mV indicators. SINGLE STEP 
AUTO-RANGING for maximum resolu- 
tion and efficiency. 2KV DC protection 
minimizes downtime. 


THE AFFORDABLE STANDARD 
There are few .1% DVM’'s less expensive— 
there are none as complete in this price 
range. plus backed by a LIFETIME quar- 
antee against factory workmanship errors. 


THE DVM3B 2... 2... A NEW 
STANDARD IN DVM's FOR SPEED, 
VERSATILITY AND ACCURACY. 


Capacitor C2. It is then amplified and 
routed to the decay inputs of the vca 
module. Note that attack goes to the 
keyboard, while decay goes to the 
vca's. The attack time has priority over 
decay, so a key fully pressed charges 
the vca capacitor that is storing the 
attack and decay information. Be- 
cause of the resistor values in the vca 
circuit, up to a 3:1 reverse attack can 
be accommodated at the extremes of 
the control settings. 

Asecond decay circuit connected to 
a driver transistor that catches at 
some negative voltage will provide 
fallback. This is important for percus- 
sion voices that simulate piano and 
guitar effects. With fallback, the note 
very rapidly decays to some low value 
when the key is released. It then 
gradually dies out. 


Final Comment. With the three 
basic music module blocks we have 
presented, plus a keyboard. you have 
the heart of a sophisticated electronic 
music synthesizer. You can put add- 
Ons into the system and modify it to 
suit your needs. In fact, you can ex- 
pand it until you have a highly sophis- 
ticated and flexible polyphonic in- 
strument. @ 


wheal you weet. 


SPHERE 
COMPUTER SYSTEM 


* Play computer games. 
e Play word and math games. 
e Balance your check book. 


® Complete payroll, financial statements. 
® Solve research assignments. 

q File valuable magazine articles, etc. 

@ Learn computer theory and operations. 


FLEXIBLE @ EXPANDABLE @ VERSATILE / 
A SYSTEM FOR EVERY POCKETBOOK, 
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P.O. BOX 213° BOUNTIFUL.UTAH 84010 


BACKED BY SENCORE'S 100% 
MADE RIGHT LIFETIME GUARANTEE 


iE peo , 3200 Sencore Drive, Sous Faiis,$ O 57107 
SEnTCcorR 


Phone 1605 3390100 TWx 910 660 0300 
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Write for complete information 
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